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https://www.eri.u-
tokyo.ac.jp/CHEER/
data/omuro3ds/

伊豆大室山
Omuro-yama

跡津川断層
Atotugawa-fault
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Matter density by seismic 
tomography

Electron density by neutrino 
oscillation tomography

The ratio of electron density to matter density is equal to the ratio of the 
atomic number to mass number(Z/A)
Core composition “measurement”
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Hirose, Wood & Vočadlo
 (2021 Nature Reviews Earth & 
Environ.)

• Density gradient of OC 
• Composition of OC must be 

homogeneous.

Hydrophilic
Hydrophobic
• Composition/density 

difference of the 
mantle 

• East/West hemi.
• Water/Land hemi.

• Is mantle 
homogeneous ?



Maximum thickness of muography is ~4km
Limited by neutrino “background”…
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To reduce the noise, take coincidence. But..
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IceCube LHC ALICE



We need them for muography
 Energy spectrum
 Angular distribution
 Multiplicity + topology(Pt) 
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40m

Super-K
Hyper-Kamiokande
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Evolution 
of the 
Earth

Neutrino 
Oscillation

Good photo-
sensor

Glass 
quality

Silica/zilcon
sand

volcanology

Mantle 
dynamics

Collaboration

Composition of 
the earth
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 Z/A ratio of materials
 Fe :0.466, Light material :~0.5, Hydrogen :1
 More sensitive to Hydrogen

 Matter density profile : modified PREM
 atm neutrino flux : Honda flux 2011
 Mantle is pyrolite (Z/A=0.496)
 Inner Core is Pure Iron (Z/A=0.467)
 Z/A of outer core : free parameter
 Normal hierarchy, three generation
 Oscillation parameter : Capozzi et al. 2014 
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ΔE, ΔΘ : 
eq. to HK



 Inside of the Earth is 
not vacuum !

 2.3σ w/o sys, 1.6σ w sys
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 Already done by SK (solar ν)
 Average electron density of entire earth < 30% resolution
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Renshaw et al.(2014)

Lower mantle
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 Earth tomography using neutrino absorption
 i.e. Neutrino cross section measurement using Earth
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